An aerobic, Gram-stain-negative, catalase-positive and oxidase-negative, non-motile, non-spore-forming, rod-shaped, pinkpigmented bacterium designated strain R491
The genus Microvirga, first described by Kanso and Patel [1] with the type strain Microvirga subterranea, is assigned to the family Methylobacteriaceae, class Alphaproteobacteria, phylum Proteobacteria [2] [3] [4] . At the time of writing, there were nine species of the genus Microvirga with validly published names (www.bacterio.net/microvirga.html). The cells of members of the genus Microvirga are Gram-stainnegative, catalase-positive, strictly aerobic, rod-shaped cells that produce light-pink colonies and reduce nitrate to nitrite. The G+C contents of their DNA are approximately 61.5-64.3 mol%, and the predominant isoprenoid quinone is Q-10 [1, [5] [6] [7] [8] . In this study, a novel soil bacterium in this genus is described.
Bacteria were selected from soil samples obtained from reclaimed grassland, geographically located at Hwaseong, South Korea (37 16¢ 10 † N 126 45¢ 43 † E), and bacterial strains, named R491
T , R491-3, R491-5 and R491-7 were isolated and subjected to polyphasic taxonomic characterization. The results obtained from the phenotypic, genotypic and phylogenetic analyses indicate that strain R491 T represents a novel species of the genus Microvirga in the family Methylobacteriaceae.
Soil samples were obtained from different soil ecosystems and placed in sterile polyethylene bags, closed tightly, and stored at room temperature. A modified culture method using transwell plates (Corning) [9] was utilized in this study. After placing 3 g of soil into each transwell plate, 3 ml R2A medium (MB Cell) was added to each transwell insert. Then, 100 µl soil suspension (1 g soil in 9 ml distilled water; thoroughly stirred and settled) was placed into the insert. The transwell plate was then incubated in a shaking incubator at 120 r.p.m. and 28 C for 2 weeks. After 2 weeks, the culture was serially diluted, and 100 µl of each dilution was spread on an R2A agar plate [10] . Colonies were individually streaked on R2A plates until pure colonies were obtained, and the strains were stored at À70 C as suspensions in R2A broth supplemented with 20 % (v/v) glycerol.
Genomic DNA was isolated from strains R491
T , R491-3, R491-5 and R491-7 according to methods presented by Wilson [11] . The 16S rRNA gene was amplified by PCR using primers 27F and 1492R [12] , and the amplified gene was sequenced with an Applied Biosystems 3770XL DNA analyser using a BigDye Terminator cycle sequencing Kit v.3.1 (Applied Biosystems). A nearly complete sequence was assembled with SeqMan software (DNASTAR). The nearly full-length 16S rRNA gene sequence (1433 bp) was obtained, and the closest phylogenetic neighbours were identified using the EzTaxon-e database [13] . After generating a multiple sequence alignment using CLUSTAL X 2.1 [14] and analysing the sequence data with the software package BioEdit [15] , a phylogenetic analysis was performed using the MEGA6 software package [16] . Evolutionary distances were calculated using Kimura's two-parameter model [17] . Phylogenetic trees were reconstructed by the neighbourjoining [18] , maximum-parsimony [19] and maximumlikelihood [20] T and Microvirga guangxiensis 25B T (96.99 %). These sequences and ones with lower similarities (<96.99 %) are presented in Fig. 1 . The 16S rRNA gene sequence similarities between strain R491
T and strains R491-3, R491-5 and R491-7 were 99.3, 99.6 and 99.3 %, respectively. Based
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The morphologies of cells (Fig. S1 , available in the online Supplementary Material) grown on R2A agar for 3-4 days at 28 C were visualized by light microscopy (BX50; Olympus) and transmission electron microscopy (H-7650; Hitachi). Colony morphology was observed on R2A agar after incubation at 28 C for 5 days using a Zoom Stereo Microscope (SZ61; Olympus). Motility was assessed in R2A medium containing 0.4 % agar. Gram staining was performed according to the procedure described by Doetsch [22] . Catalase activity was determined as the production of bubbles after the addition of 3 % (v/v) hydrogen peroxide. Oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. The presence of flexirubintype pigments was investigated with a 20% (w/v) KOH solution [23] . Growth was assessed on various bacteriological media, including R2A agar (MB Cell), nutrient agar C) was determined on R2A plates for 5 days. The pH range for growth was determined by cultivation at 28 C in R2A broth adjusted to pH 4-12 (at 0.5 pH unit intervals) prior to sterilization using citrate/NaH 2 PO 4 buffer (for pH 4.0-5.5), phosphate buffer (for pH 6-7.5), Tris buffer (for pH 8-10) [24] , or 5 M NaOH (for pH 10.5-12.0). Testing after autoclaving revealed only minor pH changes. Growth in NaCl was examined by cultivation in R2A broth containing 0-5 % NaCl (w/v, at 1 % intervals). Hydrolysis of Tweens 80, 60 and 40 were assessed according to the method of Smibert and Krieg [25] . Anaerobic growth was assessed by cultivation on TSA agar at 28 C for 10 days in a BBL (Becton Dickinson) anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Hydrolysis of chitin, CM-cellulose, hypoxanthine, xanthine, tyrosine, starch and casein were evaluated as described previously [26, 27] . Production of hydrogen sulphide and indole was T ; Microvirga guangxiensis KACC 14263 T ; 9, Microvirga lupini KACC 16531. All data originated from this study and were evaluated in the same conditions except the values in parentheses, which were taken from the literature [5] [6] [7] . All strains are Gram-stain-negative, rod-shaped, catalase-positive and strictly aerobic. +, Positive; À, negative; W, weakly positive; ND, no data available. pH range for growth 6.0-10. assessed using sulphide indole motility (SIM) medium (Oxoid) according to the procedure described by Macfaddin [28] . A DNase assay was performed with DNase agar (Oxoid). Endospore formation was evaluated by staining with malachite green [29] . Other physiological and biochemical tests were performed using API 20NE and API ID 32GN test kits (bioM erieux). Enzyme activities were tested using an API ZYM kit (bioM erieux) according to the manufacturer's instructions. In API 20NE and ID 32GN strips, strains R491 T , R491-3, R491-5 and R491-7 did not assimilate any of the available substrates (up to 14 days of incubation) except nitrate reduction in API 20NE. The phenotypic features of strain R491
T are presented with those of other closely related species in Table 1 .
For the fatty acid analysis, all strains were grown on R2A plates at 28 C for 3 days. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B).
The fatty acids were analysed with a gas chromatograph (HP 6890 Series GC System; Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System [30] .
Polar lipids and isoprenoid quinones were extracted according to the procedures described by Minnikin et al. [31] . Isoprenoid quinones were extracted with methanol-water (water containing 0.3 % sodium chloride [32] ) and petroleum ether at 80 C and analysed by HPLC. The predominant isoprenoid quinone of strain R491
T was Q-10. The polar lipids were analysed by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 4, by vol.) in the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 2, by vol.) in the second dimension. Appropriate 
